The estrogen receptor (ER) protein is believed to play a role in the development and progression of breast cancer. In a previously published U.S. clinic-based study, a polymorphism in the ER gene (codon 325, CCC → CCG) was found to be more common in 34 case subjects with a family history of breast cancer than in 154 case subjects without such a history (mean allele frequencies ± standard error = 0.28 ± 0.05 versus 0.11 ± 0.02; P<.001). To determine whether this polymorphism is a risk factor for earlyonset breast cancer, we conducted a population-based, case-control-family study in Australia. Methods: Case subjects under the age of 40 years with a first primary breast cancer and control subjects, frequency-matched to the case subjects on the basis of age, and their relatives were interviewed to assess the family history of breast cancer. Polymorphism status of the ER gene was determined for 388 case subjects and 294 control subjects. All statistical tests were two-tailed. Results: There was no association between ER gene polymorphism status and breast cancer, before or after adjustment for risk factors. There was no difference in allele frequencies between case subjects and control subjects (0.232 ± 0.015 versus 0.209 ± 0.017; P = .4) or between women with and without a family history of breast cancer (P = .3), irrespective of case-control status. The findings were not altered when different definitions of family history of breast cancer were used and when allele frequencies were adjusted for residence and country of birth. Conclusion: We found no evidence that the ER codon 325 polymorphism is associated with breast
The estrogen receptor (ER) protein is believed to play a central role in the development and progression of most breast cancers (1) . In addition, the presence of detectable ER protein in tumors is associated with responsiveness to adjuvant hormone treatment and a favorable prognosis. Thirty percent of primary breast cancers in postmenopausal women and 70% in premenopausal women are ER negative (1) . Nearly all ER-negative tumors and approximately 40% of ERpositive tumors are resistant to hormone therapy, a factor that confers an adverse prognosis (2) . The molecular mechanisms determining ER negativity or the absence of hormone responsiveness in ERpositive tumors are still poorly understood (3) (4) (5) (6) . In a small percentage of cases, however, mutations in the coding region and splice variants have been described. The pivotal activity of the ER protein makes the ER gene a candidate locus for studies of breast cancer genetic susceptibility.
In a U.S. clinic-based series of women with primary invasive breast cancer, Roodi et al. (3) claimed that a polymorphism in exon 4 (codon 325, CCC → CCG) of the ER gene showed ''a strong association'' with a family history of breast cancer. Their study was based on the analysis of DNA extracted from tumor material. Roodi et al. found that the allele frequency (± standard error [SE] ) in 34 case subjects with a family history of breast cancer (defined as a report of at least one first-or second-degree relative with breast cancer) was 0.28 (±0.05), which was greater than the 0.11 (±0.02) observed in the remaining 154 case subjects without a family history (P<.001). In addition, they obtained evidence of deviation from Hardy-Weinberg equilibrium (P ‫ס‬ .003); they observed no case subjects homozygous for the polymorphism (versus an expected 3.8 under HardyWeinberg equilibrium). This finding, as well as the possible linkage of the ER locus to breast cancer observed in a family with several cases of this disease (7), raised the possibility that the polymorphism is linked to a mutation involved in the development of breast cancer (3).
Our goal was to determine if the finding by Roodi et al. (3) could be confirmed in a population-based sample of incident case subjects diagnosed before the age of 40 years. We obtained information on family history of breast cancer from interviews of both case subjects and living relatives. In addition, we sought to compare the allele frequency in these case subjects with that in a population-based sample of control subjects, assessed by the same procedure, to determine if the polymorphism was a risk factor for earlyonset breast cancer.
Subjects and Methods

Subjects
The protocol outlined by Hopper et al. (8) was followed to conduct a population-based casecontrol-family study of early-onset breast cancer in Melbourne and Sydney, Australia, during the period 1992 to 1995 (9) . Women under the age of 40 years at diagnosis of a first primary breast cancer (case subjects) were identified through the Victorian and New South Wales cancer registries. Women without breast cancer (control subjects) were selected from the electoral roll (registration for voting is compulsory in Australia) by use of stratified random sampling and were frequency matched to the case subjects for age. Case subjects, control subjects, and relatives completed the same risk factor questionnaire.
For each case subject and control subject, a detailed family history of cancer as described by McCredie et al. (9) was systematically recorded for all first-and second-degree relatives and subsequently checked with their living relatives at the time of their interview. So as to be comparable with the study by Roodi et al. (3) , individuals with at least one first-or second-degree female relative with breast cancer were considered to have a ''family history.'' We attempted to verify all family cancers reported by case subjects, control subjects, or relatives through cancer registries, pathology reports, hospital records, treating clinicians, and death certificates. A family history of breast cancer was considered to have been verified if at least one case of breast cancer in a relative could be confirmed as above. Blood samples were collected from case subjects and control subjects at the time of interview. Of 644 eligible case subjects, 467 (72.5%) were interviewed. Attrition was due to death (1.7%), refusal (by doctor 8.4%; by patient 11.8%), participant nonresponse (by doctor 0.6%; by patient 1.4%), or change of residence (3.6%). Of the 632 eligible control subjects, refusal (25.8%) and nonresponse (9.8%) resulted in 408 control subjects being interviewed (64.6% of those eligible). Blood samples were available from 388 case subjects (83.1% of participating case subjects) and 294 control subjects (72.1% of participating control subjects), of whom 121 and 81, respectively, reported a family history of breast cancer. In the full sample of interviewed case and control subjects, there were no differences between those from whom a blood sample was or was not collected in terms of age, country of birth, marital status, educational level, parity, height, weight, or age at menarche-factors shown to be associated with breast cancer (9) . In particular, 13.4% of the case subjects from whom a blood sample was obtained had an affected first-degree relative compared with 12.4% of all interviewed case subjects. For control subjects, these percentages were 6.1% and 5.1%, respectively. A blood sample was obtained from 90% of case subjects and 90% of control subjects with an affected first-degree relative and from 82% of case subjects and 75% of control subjects without an affected first-degree relative.
Molecular Analysis
Peripheral blood was obtained by phlebotomy and placed into tubes coated with ethylene diaminetetraacetic acid (EDTA). Buffy coat fractions were prepared by centrifugation of the collection tubes (2500g for 15 minutes at room temperature) in a Heraeus megafuge fitted with a 3360 rotor (Heraeus Instruments GmbH., Labortechnik, Hanau, Germany). After centrifugation, the buffy coat was removed and stored in 0.5-mL aliquots at −70°C. DNA was extracted from stored buffy coat by use of a Progenome II DNA extraction kit (Progen, Brisbane, Australia), and 10 ng was subjected to polymerase chain reaction (PCR) analysis by use of the following conditions: 1× reaction buffer (The Perkin-Elmer Corp., Foster City, CA), 0.5 U AmpliTaq DNA polymerase (The Perkin-Elmer Corp.), 0.8 mM deoxynucleoside triphosphates, 5 mM MgCl 2 , and 2 pmol/L Primer 6A and Primer 6B (3). PCR cycling was performed (94°C for 5 minutes, 30 cycles of 94°C for 60 seconds, 60°C for 45 seconds, 72°C for 60 seconds, and a final 72°C for 10 minutes). PCR products (5 L) were analyzed by agarose gel electrophoresis to verify successful amplification. The remaining reaction products (approximately 30 ng DNA) were slot blotted onto Hybond N (Amersham International, Buckinghamshire, U.K.) and subjected to allele-specific oligonucleotide hybridization by use of 3 M tetramethylammonium chloride (Sigma Chemical Co., St. Louis, MO) (10) . Oligonucleotide probes (wild-type 5Ј-CT GAG CCC CCC ATA CTC TAT T and polymorphic 5Ј-CT GAG CCC CCG ATA CTC TAT T) were end labeled by use of T4 polynucleotide kinase (Promega Corp., Madison, WI) and [␥-32 P]adenosine triphosphate (Du Pont NEN, Boston, MA). Nylon blots were hybridized and washed at a critical temperature of 55°C before autoradiography. To confirm the allele-specific oligonucleotide hybridization results, we analyzed several samples, including all those homozygous for the polymorphism and 100 randomly selected heterozygous and wild-type homozygous individuals, by cycle sequencing using an Amplicycle sequencing kit (The Perkin-Elmer Corp.). Fig. 1 shows an example of allele-specific oligonucleotide hybridization used to determine the ER codon 325 polymorphism carrier status of individuals.
Statistical Methods
Under Hardy-Weinberg equilibrium, the maximum likelihood estimator of the allele frequency (i.e., the proportion of ''1'' alleles) is f ‫ס‬ (2n 11 + n 01 )/2n, where n ‫ס‬ n 11 + n 01 + n 00 and n ij is the observed number of subjects with the ''ij'' genotype (i,j ‫ס‬ 0,1, respectively) and has asymptotic SE
. The Hardy-Weinberg equilibrium assumption was assessed by a comparison of the observed numbers of individuals with different genotypes with those expected for the estimated allele frequency and a comparison of the Pearson goodness-of-fit statistic with a chi-squared distribution with 1 degree of freedom.
Given no evidence of departure from HardyWeinberg equilibrium, the allele frequency was analyzed and modeled as a function of potential covariates by use of linear logistic regression, assuming that the number of ''1'' alleles was a binomial variable with n ‫ס‬ 2.
The influence of polymorphism status on risk of breast cancer was assessed by standard case-control analyses with the use of unconditional multiple linear logistic regression, with and without adjustment for the risk factors identified in this study (9) . Polymorphism status was modeled three ways: 1) by genotype (two parameters), 2) by a linear effect per ''1'' allele (one parameter), and 3) by the presence or absence of the ''1'' allele (one parameter).
Logistic regression analyses were performed by maximum likelihood methods with the use of the statistical package GLIM (11) . Following convention, all statistical tests and P values were two-tailed, and statistical significance was taken as a nominal P value of less than .05. Table 1 shows that there was no difference in allele frequency between case subjects and control subjects overall (P ‫ס‬ .4), in those with a reported family history of breast cancer (P ‫ס‬ .6), or in those without such a history (P ‫ס‬ .1). In a comparison of women with and without a reported family history of breast cancer, there was no difference overall (P ‫ס‬ .3), in case subjects (P ‫ס‬ .09), or in control subjects (P ‫ס‬ .8).
Results
There was no evidence for a deviation from Hardy-Weinberg equilibrium in case subjects ( 1 2 ‫ס‬ 0.7; P>.4), in control subjects ( 1 2 ‫ס‬ 1.9; P ‫ס‬ .16), and overall ( 1 2 ‫ס‬ 2.5; P ‫ס‬ .12) or in any group or subgroup defined by case-control status and family history of breast cancer. Table 2 shows that the allele frequency did not differ by family history status overall or in control subjects, although in case subjects there was a marginal indi- 83 ; P ‫ס‬ .01) and city of residence (OR ‫ס‬ 1.30; 95% CI ‫ס‬ 1.00-1.69; P ‫ס‬ .05). After adjustment for these factors, there was no difference in allele frequency between case subjects and control subjects (OR ‫ס‬ 1.09; 95% CI ‫ס‬ 0.83-1.41; P ‫ס‬ .5) or between women with a family history of breast cancer and those without such a history, whether in case subjects and control subjects combined (OR ‫ס‬ 0.88; 95% CI ‫ס‬ 0.66-1.18; P ‫ס‬ .4), in case subjects only (OR ‫ס‬ 0.73; 95% CI ‫ס‬ 0.50-1.06; P ‫ס‬ .09), or in control subjects only (OR ‫ס‬ 1.06; 95% CI ‫ס‬ 0.68-1.65; P ‫ס‬ .8). When analyses were restricted to the 489 Australian-born women or to the 419 of these for whom both parents were also born in Australia, the allele frequency was still dependent on city of residence, but it remained independent of case-control status, of family history, and of family history in case subjects alone and in control subjects alone, before and after adjustment for city of residence. Table 3 shows that, irrespective of how ER polymorphism status was modeled, there was no association of the ER polymorphism status with breast cancer, either before or after adjustment for the risk factors identified in the full dataset (9) . When modeled as a linear effect on the log OR scale, the crude effect per ''1'' allele was 0.141 (0.136 [SE]; P ‫ס‬ .3), equivalent to predicted ORs of 1.15 and 1.32 for one and two alleles, respectively. After adjustment, the effect on log OR was 0.105 (0.146 [SE]; P ‫ס‬ .4), with pre- * P values refer to comparisons of subjects with a family history of breast cancer with those without. †P values refer to comparisons between case subjects and control subjects with regard to absence of family history (P ‫ס‬ .1) and presence of family history (P ‫ס‬ .6) and all case subjects with or without a family history and all control subjects with or without a family history (P ‫ס‬ .4). dicted ORs of 1.11 and 1.23, respectively. The SEs of the log OR estimates were less than 0.2, so that effects equivalent to a log OR of 0.5 (i.e., OR of 1.65) or more would have been detectable with more than 80% power. For women with a reported family history of breast cancer, the crude OR for presence of the ER polymorphism on breast cancer risk was 0.88 (95% CI ‫ס‬ 0.56-1.37); after adjustment for the covariates as in Table 3 , it became 0.90 (95% CI ‫ס‬ 0.56-1.43). For women without a reported family history, the crude OR was 1.18 (95% CI ‫ס‬ 0.89-1.57); after adjustment, it was 1.13 (95% CI ‫ס‬ 0.84-1.51). Because all of these 95% CIs included unity, there was no evidence of an effect of the ER polymorphism on risk of breast cancer in women with a family history of breast cancer or in women without such a history. Furthermore, the estimated effect of the ER polymorphism was no different between women with and women without a family history, in terms of either crude or adjusted OR (P ‫ס‬ .2 and P ‫ס‬ .4, respectively). Finally, after adjustment for both family history and ER polymorphism status, there was no evidence of an additional statistical interaction in their effects on risk of breast cancer, irrespective of whether family history of breast cancer was defined in terms of at least one reported or verified affected first-degree or first-or seconddegree relative or whether analysis was in terms of crude or adjusted OR. There was little power, however, to detect nonadditivity or the log odds scale.
Discussion
In this population-based study of Australian women with breast cancer diagnosed before the age of 40 years and control subjects, there was no evidence of an association of the ER polymorphism with cancer or with a family history of breast cancer in case subjects. A previous U.S. study (3) found that the allele frequency in case subjects was greater in those with a family history of breast cancer than in those without such a history (0.28 versus 0.11, respectively). In our study, the allele frequency was 0.194 in case subjects with the same definition of a family history of breast cancer and 0.250 in case subjects without a family history. When we took into account the imprecision of these estimates, the allele frequency was no different between the U.S. and Australian case subjects with a family history (P ‫ס‬ .1), but it was lower in the U.S. case subjects without a family history (P<.001). Importantly, we used data from population-based control subjects to show that the allele frequency in our case subjects, whether or not they had a family history of breast cancer by whatever definition or measure, did not differ from that in our control subjects.
The U.S. study found an OR for presence of the ''1'' allele by family history of 4.3 (95% CI ‫ס‬ 1.8-10.1), which in case subjects under the age of 50 years was 10.8 (3) . We found that it was 0.69 (95% CI ‫ס‬ 0.43-1.09). The difference between the U.S. and Australian OR estimates was significant (P<.001). In terms of log OR, the U.S. estimates had an SE of 0.44. Our estimate had an SE of 0.24, so that we had more than 80% power to detect effects equivalent to log OR > 0.6; i.e., OR > 1.8. The effect size previously reported (3) (OR ‫ס‬ 4.3) is equivalent to log OR ‫ס‬ 1.5. Therefore, our study had ample power to detect effects even half the magnitude of those reported previously in case subjects. Roodi et al. (3) reported evidence for deviation from Hardy-Weinberg equilibrium in case subjects for the ER polymorphism in codon 325. We found no evidence of this in any subgroup or overall. We obtained this result despite having studied larger numbers of women, with the consequent ability of our study to detect smaller departures from equilibrium.
What could explain the differences between the two studies? First, we studied women under the age of 40 years, whereas the majority of women in the U.S. study (3) were older than 50 years. There was no evidence, however, that the allele frequency varied with age either in the U.S. case subjects or in the Australian case subjects and/or control subjects. The differences in allele frequency that we did find, in terms of city of residence and country of birth, were relatively small (ORs < 1.5), compared with the effect reported by Roodi et al. (3) (OR ‫ס‬ 3.1), and were measured with precision.
Second, the U.S. study (3) used a clinic-based series of case subjects and provided no information about the racial background or other demographic features of the case subjects, with or without a family history of breast cancer. On the other hand, our subjects (both case and control) were derived from complete population listings; registration of cancers is a statutory requirement in Australia, as is registration of adults eligible to vote on the electoral roll. Although our response rates for participants who provided a blood sample were 60% in case subjects and 46% in control subjects, these participants did not differ from interviewed participants from whom a blood sample was not obtained in any of the factors shown to differ between case subjects and control subjects (9) . Furthermore, when comparing case subjects and control subjects, we adjusted for these factors. Given that 40% of Australians live in either Melbourne or Sydney as well as the sampling strategies used, it seems reasonable to extrapolate our findings to the Australian female population, at least to those with both parents born in Australia.
Third, Roodi et al. (3) relied on selfreported family histories only, while we tried to validate cancers in relatives and found that this validation was possible in 78% of first-degree relatives and 54% of second-degree relatives (9) . The analyses of allele frequency were not greatly influenced, however, by choosing reported or verified family histories or by restricting family history of breast cancer to only first-degree relatives. Therefore, it is unlikely that the first or third issue could explain the different findings, but the second issue may have played a part.
The study by Roodi et al. (3) must be considered as ''an hypothesis-generating'' report. The investigators identified six ER polymorphisms and sought associations between these polymorphisms and ER phenotypes and other clinicopathologic parameters, including tumor size, grade, and stage. Apparently, the only nominally significant association that they found was with the codon 325 polymorphism; i.e., a large number of tests were performed, so by chance alone at least one test could have given a nominally significant P value. Whether or not such an association was a reflection of multiple comparisons or was indicative of a ''real'' effect can be assessed only by attempts at replication such as ours.
Our study has demonstrated that it is important to try to replicate in large population-based samples of case subjects and control subjects the observations from clinic-based series that are of nominal statistical significance and derived from multiple comparisons.
